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Abstract not available for JP 200251 7793 (T) 

Abstract of corresponding document: WO 9964903 (A1) 

The present invention relates to a new class of optical waveguides, in which waveguiding along one 
or more core regions is obtained through the application of the Photonic Bandgap (PBG) effect. The 
invention further relates to optimised two-dimensional lattice structures capable of providing complete 
PBGs, which reflects light incident from air or vacuum. Such structures may be used as cladding 
structures in optical fibres, where light is confined and thereby guided in a hollow core region. In 
addition, the present invention relates to designs for ultra low-loss PBG waveguiding structures, 
which are easy to manufacture. Finally, the present invention relates to a new fabrication technique, 
which allows easy manufacturing of preforms for photonic crystal fibers with large void filling fractions, 
as well as it allows a high flexibility in the design of the cladding and core structures. 
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iEt^lfflbft/^^^OMit %t\y 7 7H#7 7^^ (photo ba 
ndgap guiding fiber ) «^LTV&ttftif FP^ 

(micro-structured fiber) £ bft^fcl^ C ttfftfr-D fc (fflfc 

f£. K n i g h t^Oiii Tjournal of the Optical Society of America, A., 
Vol. 15(3), p748, March 1998J ^W) „ CtiKfflrzm&it. ^7yFli 
O^MWcfc 0 feli^BfJT$^^on7ia^t§r«i77^/^^rt 

tftfr-otc mmmmmms, 8 02, 2 3 6^#bs) 0 

[0 0 0 7] 



^nrzMmm^7mmm^yr-f^(D^xif^y f^> <y t^ikks^ 

IIJ#S-F^5, 8 0 2, 2 3 6^Cn7i:^7'!' M (cladding indices) 

77 7^&£rtjxlffc<fcD^£ft§ («'«# (index guiding) £ LT 
&4>fr|-C&£) S^-F (fundamental mode) J^TTSc 
[0 0 0 8] 

r licitii c t att^^o u^L^e, HJWWfc*7 

fcBir k s^tDM^HilS^tlTl^^d^, ^^F^t'^fJj^tC 
[0 0 0 9] 

^^^y FM^iErftcigff-r^c^fi;, +J--YX\ ^13J:(W (morphology 

■fWmm UT^5^77 Kflii&Wu ffr£*JI43 cfc A#a § c 

trctip CM, ^7'yFW, B^/^K^^ (PBG ) 

i:^7^fi^ij/c«^^^'y m^Kx-orm^nrc^mmmafi^ib^c 

£t>^e%%££%MMt%o end S?lcSriW7 7 7 F«£t> <M&^ 

p B G#&SOijfF-^IlTfe§ («££, B a r k o u^«£ TOptics Lette 
rs, Vol. 24(1), p. 46, January 1999 J %&ffi) «. 
[0 0 10] 

^ (waveguidance) ^fe ftilit J; 0 , «ii77 

-OV* 2-D<D?)l-7Kftmzn& 0 ?&t>*>s PBG77^ 

(^> F^> *y7 , 7 7^&£Wi^ff¥n777^fcfcn¥.$0 )^ 
y K*> -y y^^M-TS Wfilji7 7^^fcJ;c;Mrr^377 r-Y^ (hi 
gh-index core fiber ) &£l^ffl#r^i§#77-Y^ (index-guiding fiber ) 



(21) #112 0 0 2-5 1 7 7 9 3 

t m$ft%±rH)x.mz x o nm-? % mum 7 r << > s 0 

[0 0 1 I ] 

%>\y F^> v7«&cj;£3§«, )D7^/^<tW««t<0^ 
[0 0 12] 

ftjJL S^j^y F^-V'.v^^'^r-i'^^llff^ti/c (Knight^ 
0,lwi>C rscience, Vol .282(5393) , p. 1476, November 1998 J „ C©7 

KO^'JA^'^^yh'ttflrtOlT-^ [< (air 
void) «M (Honeycomb ) EBfeJct/nrtJgfigSn^-OlllffittafciSffi 
M/tWI^ (periodicity-breaking low-index region ) tcSr3v»fefc(DT?fcS 

^77FWJ;0^^ CftoT<fc?)IJi^lsro&S) X7-^K^XKW 
LTt^V F^> y fm^mtth^ C £ ?££ 0 
[0 0 13] 

Bi rksWaoT^tirclgOPBGli, -«^5>>y F McO/i A6IC 
[0 0 14] 

fiifil^ESftfcttOJII^-XfiDP B G77^^77 FMWH£n7'M 

SS«^n/cP B G7 7^/^^7 7FWl©x7-^ F«<D!4SBit 
fcfc;*:€f£sI^f'K?£#WS (void filling fraction ) t^ LTi»2 



(22) ^2 0 0 2-5 1 7 7 9 3 

COO 1 51 

mz^^y^-V^tirc (close-packed) ^Sfc&SWiRJgn y K*5 J;tftffl^ 
nZ(D^*-7$5&Xfny KM\ ^'J7t-i. (preform) -rffifc^y^-^ 

iTSc^/^&tfW K««^S7 7-f;^Mr§Lii:tcWLT^iitc 
[0 0 16] 

H^««W1-^7t7 7'f^^i£-r^^ i h»LTffi®^^n^^C 
[0 0 l 7] 

*I1K5, 8 0 2, 2 3 6ftt n7fe<ttf^7*y K Wttl 
X (micro-fabricated) ^7 7-T/^Pifl^U ^fUCfc^T, ^7'yF|i|«7 

7^^07a'^^«<®s?n^^i(co»^fett5>nrc^^7 fii (ciaddi 

ng features ) Ffi^^«IS»«3 7'^£0»iS^^ <fc 0 

€>/h£v\> SSfc, ^77F©ig (elongated ) iIttlll»l^ll£Ei 

(0 0 l 8] 



ffl#rr-^5, 8 0 2, 2 3 6 ^M^SfeMS 0 LfctfoT, *[l[#ff^ 
5, 8 0 2, 2 3 6 ^fcHfl^S tl/c«l$Wft 7 7 ^&«<D^rtJxltf t £ o 

[0 0 19] 

^7^-/l/F (optical field ) ^tfifT$CWfl 
§VHit!Mf-V^;L') O^-CDJU^nO^- KM" (made-distribution) 

{£JS«^ U > * © J: -5 ft 7>« ft L T % j®S « 3 777-1' 

[0 0 2 0] 

wo 99/0068 5*§&, t < ;r im mmmmmmtttiTz V^-v 

¥^&±^f&n7<Djm^774^ (photonic crystal fiber; PCF) M 

f<Lt^§ 0 37iwt v&<tt5 iim(i)m^m^:mmivWii\m 
iotiib, nft ^^cd u * jb> e> ft 5 nrc iih* n rm^M 

— Fi]ft«f#r§ (|x.(f> K n i g h t^OiwA TElectronics Letters Vo 
1.34(13), p. 1347, June 1998 j „ Fflft»«ilr:l3&> 'h 

G?&ft£L^%l&M<D"7T'Crt&#%inTm%i& (effective reflactive cor 
e index ) (i/ViJiC^b^) hMW=7V FJSW (effective cladding ind 

ex) £mmmtet>?fr%mmtf&%t^5£tT*&% 0 wa^t, c<d 

yT-f^mfmrcib(DX^]%h^XW (order) ©t- Kfct^ttS C i:tfT'££<, 
iSSfJf ^ n 7 « 1" § * £ ft n 7' 7 t- -f / <t (i, «<D£j*M m J: ^ T ft®jt £ 



(24) 002-517793 

CO 0 2 1] 

WO 9 9/0 0 6 8 bfcWiTEZnrcEiPmZv-J F«&Rj*I&£W£S^ 

M^lW-*V HLA^^y KrtfcfFgSnfc^C tWO 9 9/0 0 6 8 

«&»^y hlPt««^ff£l)#l^^iit-F (guided 
mode ) tfnrmmt'W-Jicm IZ&tb £>ft%^£^5 ft&m&tiwzirj-z C t 

lt§-^5 9o L^ots W09 9/0 0 6 8 5 ^tcP^>T<£ftfc7 7>T^ti, 
fSBO&J&fcfc^Tffil*^- (optical power ) %Mtl%L'V&£f& Ct. 

[0 0 2 2] 
CO 0 2 3] 

*%TOfe-5— o<oiwtts «»p b Gmmmicm%>mm-mwz> 

CtX&%o 



(25) '#12 0 0 2-517 7 9 3 

[0 0 2 4] 

%mmt%rc&b^ iSWOF^ -y^&tftWSir7^V (air line 
[0 0 2 5] 

F»^t§ilfcj:tfL(Dll^fe<0£Olf!f« (geometry 

•Y/Wiis (morphology) %mntztc$(Dmm^jmzmni£&mi,\,m 

©+i-^X^IIt§ (modify) TftSfc^bfto C(D «fe 3 &$fiS££^T, jaffl 

.I&JfllfJT WJ&Mti f vA«C> (bridging) " ffiWfcftLTtt 

[0 0 2 6] 

IfrJW-l'K (interstitial voids) t>m^7 T /^<D=Mm ^ ^ Fli 

, ISBSAlK (Broen gti&tDiftS: TOptics Communications, Vol . 156(4 - 6) , 
p. 240, November 1998J ) COTto/eiMC, H^^77F 

[0 0 2 7] 



(26) $S2 0 0 2-5 1 7 7 9 3 

L^L^e, Ec\zm-m^ vzmwt zMzmgr-ht) 

im^mff^m^nrcm^ trew-r mmmz9f&&x*&z>fr*> ua&^ 

Uttfrvtco Tfc<DWffl'C7FiZft& ISfflt^ K^JIiW 

[0 0 2 8] 

feJA<M^nT^§7^?*l?^§S#fe-fe^ (primitive unit cell ) ££0 

Xmmm (translation) mfXC(DWm^^.Lm^m#iiL^Mi 1 OtD 

OS«fi-ti;l^ LtUtV 
[0 0 2 9] 

[0 0 3 0] 

OJSJO^MW (immediate area) ^<DJI««{fcte&£n&^ 0 SM, 



ccyA~r •y/U:. ^ro «^cWUTa%oT&£^#\ If-^g«CI 

[0 0 3 1] 

2O0|lgt§IIg|Crfiai©^»t 2 nm^^S^T:', fro 
[0 0 3 2] 

ov\h^mm:-tt{Dmmz, 2 ski. 9 ^ m j;0M^<&0 2£imy:\ m 

Atfl. 8 fim<k!3fc/IvS<* Mx.tf 1. 6 fim* flJAfcfl. 4 /z 

met 0 < . Mxj£ 1 . 2 n m X D < , flRfcf I . 0 jt m £ 0 M>£ 

[0 0 3 3] 

£<U Mfctfo. 2 5 «fc0t)^v\ Mfclfo. 3£t)&*^\ MiLf£o. 4 
0. 7<fcDfc;M?v\ #Ui£o. 8J;H^. 

[0 0 3 4] 



, ±12^ l ©HWl^ 6^015 1 cDHOTflcD l • 5fHr&§ 

3^fcS^ti*n&±<Dffl£#f££ftfl5 (polygon) ©IM^ffit^ 
£ftf&fci\ iEHfcJ& iES^ iE7rB, fe^^ttE/N^J^-eSoTtxt^o 
[0 0 3 5] 

<fc d t,iai^JSfif*5&firLs ene.©^^^¥&-fe;W»s^nTv^^v>^^^ 

t0 0 3 6] 

Wi#3^#!}£ (kagome structure ) fc&^TSo 
[0 0 3 7] 

»f&J TSftf § □ Tffi& t , 



(29) 002-5 L 7793 

% ymmt, 

&wmms<D*i&5 iri tstfs ^m\%-fi?%mm<D~ymM?& ot, 

Co o 3 8] 

til. 3i;DtrAti\ tfRlfl • 4J;H^V\ IMl. 5«tt)fc^t^ 
% fflfcfcf 2 . o cfc D t>*ti\ MAtf 5 . o d; 0 fc;Mrv\ flfijfctf 1 o £ D fe* 
£v\ W^tf l 5d;0fe^v\ Wl*.tf2 OJ:!>t>;*:$o\ 0tl*tf 5 o 

[0 0 3 9] 

(air filling factor) %Mi&?%tc&K, mk^M<D 

\*mMo)±\i\m<Dt\m\tm^ o . i « d t^t < . M*.i£ o . i s j; t> & 

f5>KHfO. 2 J; 0 m^io. 2 5 «fc t) t>*£v\ #RtfO. 

3<S:9fc:*:£v\ {WAfcfO. 4£9fc;*;£v\ 0U*fcfo. 5£D&Ati\ #U 
(fO. 6£D&*^t/\> 
[0 0 4 0] 



[0 0 4 1] 
[0 0 4 2] 

OHM, ^§^(i:*^«»^-r§ 0 ®<D%*3&XfijJ*m&£tt?Z%. 
mttmmcK Lfct t5<0 T?3B So 
[0 0 4 3] 

. 1 5 J;!)fc*#i\ fllAtfO. 2cfc0t>^v\ fifljittfo. 25£Dfe^i/> 
, fljfcfcfo. 3<fct)fc^:#i/\ M&fc£o. 4 J: 9 i\ WRtfo. 5i0fe 

[0 0 4 4] 



[0 0 4 5] 

^t<, c«(i, l. l J:&fc*2<, M*tf 1. 2J:*3t.^tv\ MiU£ 
l. 3 «t t> fifijfcfcfi. 4£Dfc*#v\ fflUtfcfi. 5£Dfc*tv\ 

0<£9&*tl\ 0Rlf5. 0 <fcD£>*£l\ flJAfcf l 0 £*)t>X% 
v\ 0JA 2 o <fc D t>;Mrv\ 0t|H.fcf 5 o ,fc 0 BtRfcf l o o J: 0 fc^C 

2 0 0 £ 0 t>*^\ Mm 5 0 0 J; D t>*£0\, 

[0 0 4 6] 



(32) $$3*2 0 0 2-5 17 7 9 3 

ffiWffilOO. 0 0 5 fg<fc M^£Z<Dmirtfr(DmWO. 
0 l{B£^$>±%i<\ Mx.Ho. 0 5ffiJ:t)fc;*:#v\ wmio. l f;U <0$>~X 

[0 0 4 7] 

^< tfeaicD^»©^XJ;, ^<omc&^t\ --/OEM, iii^-m 

CO 0 4 8] 
[0 0 4 9] 

fcfcfo. l 5 «fc0fe^:#v\ M*tfo. 2«fc!)fc:*#v\ WMttfo. 25£9& 
$Rt£o. 3 <!; 0 fc*#v\ tfiRt* 0. 4<tH^i\ i^lfo. 5 

o. 8j;0t^^v\ 
[0 0 5 0] 



<, MjLifi. 2 fc*tv\ wm£i ■ 3 \ flUffi. 4£0 

l. 4 5 #J*(f l. 5<tt)fe^ffV\ fifiRHfl 

[0 0 5 1] 

±fa<0SsfflW3RtB?^f 5±8aW*4ti^U*5&aitLft (silica-based) tf 
[0 0 5 2] 

l. 3 J:0fe^tv««lf u flauari. 4 <fc t) 

£V\ 2. 0<i;0t>*#V\ 2. 5 £ t) 3. 0<fc9t>;*;£l/\ 3. 5 

«t0fe^0\ 4. 0J;H^i/«Wt^o 
[0 0 5 3] 

^»»/jnL/c^U/J (doped silica) £^t? 0 
«0Ha, l o&5Wi*nu±037S5v^iffiitcDS^<D3r^ 
[0 0 5 4] 



<D£LT#*&ftSo yWsFXWfmmttytBM (light transmission) £ 
WfigtcrS.tafciaH-Sn, L^^t, JlMfecDigli (altering) ti, n7 

it, 37tmmm&mm Cfull periodic structure ) £#f StfLfrU C 
[0 0 5 5] 
3 -3, 

4oj;ra2©±!|!ifi^M£L, £<Dmi]3£zfm2<Dmum 1 ^j;^2«m* 

[0 0 5 6] 

i 2 <D£.m%fflMu torn i fecfctfm 2 vimim 1 

IK. i. UH^Ks Ml. 2«fc9t;*;£v\ ffl&fcfi 

CO 0 5 7] 



fe 5 fig, < i: fe 6 fg, Mi(f>4 < t & 7 fg, 01J*tfr'J>ft < £ 1 8 

[0 0 5 8] 

caM-a, mt, im^nrdmm^ 3c&<*ttfc#»#ft (dispersion pro 
perties ) %&xf{mzftrcimM&<Drcmzm$mmmmx*m2ft% 7 74 

ft&yT4rt®m73Kttl>X&m<om&*&&'?Z>% i '&37 (hollowcore) ( 
CO 0 5 9] 

, miiKii., X^MW-y^M (higher order optical effects) K 
-7°ffl (dopant) ^fcM#ft&^A/C*fc J;V\, 

M$fiWc#>&, £DiiJ»«(;t M&fcfVU h>ffift Csoliton commun 
ication ) <E>fci6£ffiffl;*nTfe<U\> 
CO 0 6 0] 

^>7°®W (pump radiation) £§{gU 

§J;9icS^n^^Ura±«H-7^iJ (rare earth dopant ) T'feotfeJ; 

(f?ijK.^\ ^*yf;Hf£A (Ytterbium) ©J; 9 ftiOtf^D- F LfcfcO) 
'eg^U^ C0i§^ K~7°«, ®m£, mmmifm^ (refractive 
-index grating ) ^7T^/^§^an7W^7 [ ^WtC#< /c^Mffl^tl 
X&£V\ 

CO 0 6 I ] 



CO 0 6 2] 

[0 0 6 3] 

*rc, ^<D!li:')t^ LT t 2 § C 1 1: J: o t , MXlf 

&%Mt% £5 te^lf £4iTt> «fc < , lW^D 5 &fc£8<0ft^WRT8ifc 

[0 0 6 4] 

##*£tycfck:fc3o ^nta^r, ->t^w*©#-u>^ (poiing) -5 

[0 0 6 5] 



(37) (#82 00 2-5 1 7 7 9 3 

r \am 1 5 mm l xi-^m Lxm-zt>tix$>£i\ 

[0 0 6 6] 

rH (wavelength regime ) (C^lt^tl^f tlf tl©^^ 7 

>m oti^t, wRfcfMftsns Jc 3 Kt%rMctm$\m&rtx&^\ 

%r%L<lt, ?7f$mmfflmftMM (periodic structure) rt»McH 
[0 0 6 7] 

[0 0 6 8] 

(agent ) (absorption) , «fi 

(absorbance) , feSV^^^fl^lCcfcor^^nSft^ffl©^ 



[0 0 6 9] 

x&&<, ±m<Dmit3£z$m2(Dwmmtt, -^commmimrit^yt^ 
hmmtemxtz>£5fcm^nz> 0 c<dw&, man. mzom^^mio 

[0 0 7 0] 

pose) ut«^tlJ;9o tf^ot, CCD^ I (Dtfimmo) 

[0 0 7 1 ] 

^S^IStC^^T, M^^»§77^;^B (fiber am 

plifier ) £077^if«&, 

foa?© mttKtovx Y-?mm\Jkt>tsK7T-(^t, 

^yfmmm (pump radiation) % F-7^;ffi^«U ft^#if<HtS 
j:9^F-7^JW»^ytfy^ (pumping ) -rsfca&0^©fc£l&AT^So 
[0 0 7 2] 

*&v&\,^$ic?zrc&Kmmzftrcmm%xy7°m^ (pump signal ) ^ 



(39) 8*2 0 0 2-5 1 7 7 9 3 

6 X ^ * h M>flir S $ 6 £ t? T 36 5 5 o 

ftfcii^gtt0fca6fc«\ K-^JWu fir \-M-(*y. ^RfctoHf?!^ Y 
^T^tT^A, 7°^W>^7A (Praseodymium) > *^-^A^#Cf 0 
[0 0 7 3] 

7 7 ;S § V Hi □ r ffl&K HIJJt $r?& S V Hi »«%ft¥fi*J H < £ fctf 

A, teJ;tf (££Wi) !Mt«#>£3 K-Ayh (co-dopant ) (0tj*t£ 
TkfSfe^HiM/ki? (deuterium ) ) fc^A/et^o 
[0 0 7 4] 

(fiber laser) OTU C<£"7 mt, 

# y tf y § fM) m t . 

£8ft^£7>f-K/W£«;fc&07^-K^y* ¥S i: £ AM. TV £ 0 
[0 0 7 5] 

Yyir/Hf^A, 7^^572^ *#i?i^*£ir„ 

1 S fc&E, Wi 3 7' Br***;*;* tf£ fci6fc$ft&# 
[0 0 7 6] 

*?»i £ fc, <fctf/S /cfiliiaftttfio J: -5 Itll 

A ^ i rVilT/r-ttV: (planar optical component) <7)*ifNC:*3ttS P B G» 



MffifSo COPBG^fct is*) Ltz^.mWm. (planar w 

aveguiding structure) tC^Ffr X7^±j|4W K (parallel air filled void) % 

[0 0 7 7] 

C<D£-5&S5ffimo©flWi, SlMiilS^ (ridge) tf±£«fcn3JfS\ ^3 

Tl^§7 0 ^XVo'iifbft-r><iftl/^-Js: (Plasma enhanced chemical vapour deposit i 
on ; P E C V D ) iWmi U CI £ T* 1 6 t? & 5 "5 0 Lfc^o «SPi 

^cOT^fj^^M (appearance) t^^^U-^V y^m^^XM 

WiWit«$ L fcj^f lie J; £ 3 ^ffiii©M©^«ll< /c^^/U 
[0 0 7 8] 

i; , «» Kit 5 TOO J:3%77^; ^tf ttte ^»£»!-r 5 c t 

^ l & 5 ^ m<mwmi\ ^ntfej;^, 

18 0117(1 ft77^/^M«7°U7*- & (preform) 

tefflu 7 0 U7*-i*t±, fl^jtcil^fed;OTntcM"ii^r«WL, coy" 

, 7°U 7 t 

WfnJ 5 Jf A» i: Wx. T ^ i> 0 
[0 0 7 9] 



fcomimmmmz «t o rigs tu 

/W:J;ot 2 ft > Pfi-t^ *t L T\ 
g I OhMfi, M-tr;V0Miz:fl^ftTV^v^^bWL, froffiE<D-#g 

[0 0 8 01 

ft£ *) < s fflfcfcf l • 2f&a&SVH± j eft«J: D >M^\ 0R(f l . l ig£ 
£^y;^ftck 0 ^S^IElttflDflEHrtfc:&£ cft^OHBISO— 3 

[0 0 8 1] 

mvm 1 <D&ft&&, 6&%hH±^n&±.(Dm, m%-&i 2&&iH^ftmr. 
it, &%w£tidmmzM%.t%o mm &m$<o&*<ommm*-wm 

[0 0 8 2] 

0. l 5$<fct)fc*tv\ flRfcfo. 2te£!3*>:*:#v\ fi&Rfcfo. 2 5{gJ;<9 
fe-Atv\ flRfcfO. 3^J;t)^#v\ ixtfo. 4ftfJ;DfeA^</\ flRfcf 
o. 5f?UDt>A£v\ fflRfcfo. 6£0£>A^v\ fftj^tdTo. 7<£0feAtv^ 
, fl&RfcfO. 8 £DfcAtv\, 



012) 1*82 0 0 2-5 17 7 9 3 

[0 0 8 3] 

7 'j 7 * - a £ *j^t fc* > im^Mmmim^-^mm & % mm® ± <o 

Atfi. 3{gJ;D&«i\ «(£ l. 4<g«fct)t)^t\ MMl. 5 y ^ D 
0J*fcf2flSM:!>t>;*:tM/\ #iR&°4{S-£9£>*#v\ 0!l*fc£7fg<fc>) 

[0 0 8 4] 

7U 7 *- AttMfc. &WC<D?V7 X-J^Ol&ftfafcmf % 4>>L>»W U 
[0 0 8 5] 

T«2fu L©37Wti, '>£ < t tmmmz 2 ^OJIIMM^cJ; o 
[0 0 8 6] 

gltfflbXS (drawing process ) ffU IMffllH (initiative) 

8 0 2, 2 3 6 ^tCll/T^nrt/^ J: ? %ftf*£:7 7^^0#V KUHCflWa u 
^fttfS (capillary tube) © -ti^Z^MtZC * biC«IP : !f^.f LT 



(43) ff ^ 2002-5 1 7793 

. v>? (jig ) ts&xsi&m cft^mcMooyK) %-mK-fvy*-L,<v 

t mm LV\> SO&»tcSS 7°U 7 *~ Afcfto ft#3££Dft» 

mftZvv FtimommiTrmfyfo (high-index center ) ^tS4l^FBt 

ftmmti%>o ^tifci^r, soo^h* (cn^rasrr^^L^froo-e 

[0 0 8 7] 

WU C cO 7' ' J 7 ^i- - A ;nj la^Me-teitf^ tUuMB & f i U C 

7U7^-AcD/c46cO*;V^ (holder) Wt^Xfy^feot, 
*-A©S^fc^HW^PCT?fe§KiRiOJl^^W^§Xx'y7 0 t, 

sxxvt't^ot, lie© -^mmi*. ±M(ofvyt-h(Dmtm , mK 

W±M<D y U 7 * - A<DJS£ <fc D » ^£5 112 fc> fc o T«e# IrJKS 

±ta©7 u 7 * - rnj^o m «cit] DtfcBfcffi&©r&g^£& 

[0 0 8 8] 

SU C 07^7 7^^(4. 

tmmmm& o t>f£v«««§ y Fist 



(44) 1*^2 0 0 2-5 17 7 9 3 

tf3'>fc< l oco^-Y K££&, l(DM< fcfc l o<0#-f KOiriaWM 

< , £ ©jgStt, i . i <fc 0 < s mm 1.3, ffl*. i . 5 , fcf i 
. 7 , 2 , mm 3 , 5 s mm i o , mm 2 o , mm 5 0 £ 

[0 0 8 9] 

(rectangularly) ^B<D^M»M£ £!»0@5Sf(j£>S2T'fiJ 

(Dm l Oi|i[llO-M^ / >^;< & l oM'f KO i o<DF»cH£fu fro 
fiW (eccentricity) tts iitSO® 1 ©W<D£3£8 2 ©ttOgST'ftlofc 

CO 0 9 0] 

»{i:iE73 Jf^fe o T J: < , \mm$ 1 «fc 0 $>j\% < „ #U 1 . K Mx. 

an. 3, w^tfi. 5, myn. 7, mar 2, {&i*tf3, mm \m 

. 5, ifllfctfl. 7, «2, tf»R^3x #Uf£5, mm I 0£D&^< 
CO 0 9 I J 



(45) WM 2 0 0 2 — 5 17793 

*^>y FIStflSL, COt^v mm*? B G'MttKtc £tt*X*1*Zzt 
[0 0 9 2] 

HI 1 tfc'^T, ~IE=:ftmm&, ^y??7>mft ( l ) . #V F/n-y F 
(2) > 2o©Bit§^ F/D7 KIIOWWIA, fc'J^WK/ny 

J|Js''}L/c B i r k sMIWoTiKBntl^^^: 

cD^Bsfssstcjir-rs^^^ Fffiiocwati^w^^y fo^f 

?t«ff, TfcSo ^177^/^ KlRjtC^oT-ll (invar lent ) X*h% 

FMI4©iftiSi* (total volume filling fraction ) K^U\> 
[0 0 9 3] 

mwm2K7nznr^z>o cowfeMmtfttzm mmm* 45% cb 
u^stc^stu $VF«*ai. oicfKt^n^ 

[0 0 9 4] 

F04^Dtt^TOT^§»^<^F;l/ (wave vector ) (DW^tLtSi? 
ft 5) ^fr-^^tlS-t— F©« (wave number ) k T?f J o CD LTSS£ 

[0 0 9 5] 



(46) ¥fM 2002-5 177 9 3 

LO^Sib-i/ay^ l^n^t-F^UOiDW (PBG^C 
iot^tl§) £^To cne<D4"O(DV^»0S^*¥DinSf5 Cout-of-pla 
ne) Eftlll^lWSttBa^a^^tltt^ 

. nascttaat ii^snt s £ & £ &ffl-r s c t # r* £ s » 

CO 0 9 6] 

PBG»lK-DM, EflfKMSilS (electromagnetic radiat 
ion ) £ S^T* % % C £ ^t> ® S x 77 <Y 5 C i: & 1 f S <D 

mmKSmr°&t), COWmf&^mits SliSIMS (free-space wavelengt 
h ) Afc^D'P B GWX77-T ^©Ttc£5^S§iMi:x77^yt*-^ 
-^y7«j3$i!r£f* (/? combination) <Z)^«!|IgHlc*tLT!£^5 AW 
3<> ^IS^Kra(iA)b^iE^{tft46tCffiffl5nfcj-EM^¥fir. (norm 

alised unit ) T*4*€>ft3<DT\ H«««LT«, SSWpSA&fSRj 

[0 0 9 7] 

'1 n 7 \r_ yt%:'/iL^tmt F^> v 7°7 a U-fa 

7^1CfE^3I^7 7 Fffifi^T^o H3£07 7-T^i±4 5 F« 

? ^ y KflSig<D3fS>fffiW:, 1.9/i mC^itlO^ KHPST'SS (111 3 <D* 

IWA/A=l. 3mr«.L/-c) 0 ffilHtl^MW^M^i.^ 
ti, F^I^HC^&^F^W (1 5%iXhTJ:^) ^t^^lif 



(47) 882 0 0 2-5 1 7 7 9 3 

[0 0 9 8] 

3fe£sp;fc#r3n^xh& (robust) 7 7Y^M«t^ffti«»i^ 
[0 0 9 9] 

^LV^fl»^U7^-A (preform ) fcgJig-T 5 C t iLllimt %m%i ffi$ 
\m*K7&ZtlT^&a COMMii, ffifcfSfc&SftT^*^ (non-close- 
packed) rw^tc^jraw (4) *m-ir%tzmz7V7ir-h<D±mz-m& 

\,M\^J>f (3) ^tUC^oT, iWSS^ctH^t^: 

[0 10 0] 

KLIMII/Mtm, (4) n (III 4 ##!!) 

, i>'^ (3) &Hft}gJgigT*ffiK2ftT^S„ ^^^^t-AOm^ 

IH 5 -etts 7* 'J 7*— A<D§f S U^/MWci6<£>c<7) J: 9 fcBrffitf^ftT 
gSA^fi^Mj;^^ it^WF (5) (^ilWA^F (6) 
t^mt^H (7) tOimmi&LX) &Hft^|$}£T'&K2ftT^So 
cicDf|ii©#{5-te;!/« (8) T^?ntv^o 0 5 fr£ -5 v>'7* 

#a^f (7) (D^^xammmxtw f (6) w-yx^&a^ £ 

7'J 7*-A««IMtt^T J; D^C^ftit^ F» (tota 
1 void filling fraction ) tf)t$2tl3 £l^lft£frfc&£«*rf fcfffr!) X 

£r>±Z?£t^ Fftf$&%m&7TJrtX+M^££tfX*ZZt:^5mz>ft 
mkMftZ, CCDIldHtt, 7°U7t-AcD'j|#a:}b/3lo'iID (drawing/pull 
ing ) 4HC;ff;-f K(0"^>rX^I§77'-r/^jS / >S"& ; 5Sffi^73tcBi'r§t©T* 

[0 10 1] 



018) 1*82002-517793 

#v \t<D£mmz zttfrzz (&5Wi'>fc< t$>&<ow^<j\%it\ 

^i^f (7) mL^mmmmc^-oxmK^nrct^ hi ^sm (6 
t40 6 t^nn^So 

[0 10 2] 

<Dfcit>(Dyr^^<D Ti (77^1) ti\ (^W^^^|g<s6 

3 I £ f:B 1 o 38 0 7°n -tr X ^©7 7^1 <D^V K?c«^ f t.. & , Hi 3fi 
MtLTTE© (1) x^J;^;:!«re£5o 
CO 1 0 3] 

fu =x (t) -fu. (1) 
CCV, f.., li77^^M^K?C«TO?), x (t) f^F^ 

DiftfcTWCfcS (fluent) £>T% : &|fiii}*Uj«U M£itK T% ttf^f KW-TX 
m$'PZ&%££lC%:Z>-V&6 ; ?<> 77YA2© *V K©2/3OT77-Y^ 
1 K t|WHT\ fct/tV K<D 1 / 3 ^77-f^ 1 <fc 0^^774"^ 2 

KtiLX, ^FJtWfu (4, S!lifi{Ki:LTT8H© (2) x^O <t Steffi 

[0 10 4] 

= (2/3) ■ x (t) • f ,, +y (t) • f, 2 (t) (2) 



(49) 1*82 00 2-5 1 7 7 9 3 

CCT\ f..2 liWrnXX-f F«tW F»«, y CO 5? 

t) (t) tt, 2^©4-*>r K^aS^^W-rSfcV^diKOfeab 

Hg t p] i;t^t/^T\ 5 fc^tt £ T? & 3 5 „ 
[0 10 5] 

rrtt/^igS»^*X^a^Jlprr«s ISiiAtf«iA#^F (6) 
WYX£Sflfc«'>S-&30-l?s 7r^M2tcJ*f (7) ti 

(open up) (&3W3:'>& < t ©iMX«>ML < 

W5>n%) fct^Lfctfe§o Lf^ot, W^Xl} (jig~introduced for 
ce) tJt^T^iflll ,4'.* 'Mc*i«i»ji 'JA-J;»^^ x (t) « 
jbTOSJl* y ( t ) 0 fc£< E'>*S i:^-5«s«f § 0 

[0 10 6] 

^JSfiff, s>^#A#-r FW^XM«#A*V K<fc D *><* Offi^ 

y (t) ^«t?n:lu«Wx (t) ©^©israwafc^TJi^c 
fc^S^So yvmXftJ FAlW^ilA^ K<t 0 &A£^ 

StTS^-f' F^WW 'jimo' 77^ (77^1) <&£#>f FtPJ; 

[0 10 7] 

7 0 F^WW^ffiWWA^ F«ft^iCfJ^n C f r, - 0 

.70), 4 o%©mw FSi$i)^>7ix^ KofcatcisejBsns cf 

m =0. 4 0) 20077^/^W Fltll (total void filling fracti 

on) t>m%\cmi£ftx^z>o c(om&, mL^wMmmmhTmunrc? 



(50) 8*2 0 0 2-5 17793 

m&m^mm&ffimmt txm-xtzztmfrz (t,>t.) „ 77^ 

[0 10 8] 

&77^©J;D&lAfflft (reproducibitily ) £,«W§©T\ cnSOl 
fii'ic (scattering loss ) ^C§i§S»ffl2 il^figMMLT, <fc 

[0 10 9] 

cn^Tti, iic/^y f^> >y -tr**? T^wt^v mmmmcmv 

S (hollow) t*&5„ 
[0 110] 

^itcoMmffi^gpwtcfitiii-rsiifcic^oT^ ra^vi^yasii (bulk 

photonic crystal ) t&&%%ft¥W&*fttZ&Mfc®ZWt)fo-t£ttfX 
Z©cJ;a^^|5ffi««, JiiSO^MimW^ (full-periodic ) ffiSCDMlt 



^>>y7 0 (forbidden gap ) mi^^mWM^t^- K^t? (support 
) £§£\ cnf.Ot- Fi^Wcj;oTi»37l:Mt5*gi< If U 

WMkib^yy F}:J;oT^^hfdf« (complete out-of-plane ) <0 
2D^y F^>>v7°43^tf#mtC'jiV^7jfp3f|flJ15M (confinement ) Mfi£« £ 

i£fc&.g.&5ft^#tt£^r (T&Mft«- H (localised mode) fc^CrC 
[0 111] 

mm+i'X.h^immmtt (surrounding media ) KA' ! lJP (field 

localisation) tf&i;#£Jf& (*>lS3Av, #TOfie*<0^#ifi1ffk:|iJfflSnS 

fctfoT, Hlff^^^^^WSll (index guidance waveguide theory) j^rT 
[0 112] 

o CCOiia, ilC^if (&SWiJfi») £|f^H5lit-F (guided in 
ode) tC^LT*I^O¥^TO^*^OTV^5o C077^tt, ^77h*©4 

5 %co^V K3ftW*:l3j;tf*^y K^W-tf'f' KWl'XofcJ;* 1 4tefc*B 
St§37+NXW§ 0 7r^^MO^^»i|i$[5 (contour) (n7ff 
m%3is) lijSit:J;oT^$n§. flfiJIl^-F (confined mode ) ti, fcd:^ 

1 . 3 A / A OIE^MM^^ H^-V >y ( A , jS ) ft 

[0 113] 



- Ft-mi'T^&o CM- Kfct^y KfiOt- Kfc*S£"r5 C ^WrT2 

) < <d ^ s =1 r rt k: rb li s $ r AMSUfciR 

CO 1 1 4] 

(high intensity) ftyrJ^v ZV^y F^«»fc^^^7 
£<, SEfcS^fi, x-^«»7 [ d7 7-</^)itTeiMl?t^«^^^ 

zstsm^s ^otf^ot (dispersion) a, 

[0 115] 



t & £T © ffi Til^J \C&gT*&%> o 2 S , P B G W$,<D^V>^k%> <fc P B G 

f£ £ •? £ N J; t)j£vyC F*> >y 7°^^ nr»^l^- HO 
r -Y^^fe U 3 c i: * S £v v <? y K v 7Wf L TlBlf t ic £n%ffi 
#tinCM(^ 7 7^60 1MT filiS C 'tuning' -range) (t&fr-SP 

[0 116] 
[0 117] 

♦aetata:, Mwm&?yy mmmm%mmK?%m£>mm%nmL 

idging area ) (vein) ) taotgi^n/clS»l (/-F ( 

node) ) (Dm^mxznz. iE~mmm&, y- 

^0M^2OO«1-§^FI1CDWT^§) o lEH^Wii^illLT, fg 
MWYF (9) > /— F (1 0) fci^y (11) mH9^£ti§ Q 
[0 118] 



[0 119] 

£o«am i o K*BB#ifc^snT^£ (0 2 tc^snfct- Kiswp^ 

(modal index analysis) fiC«a^JT3k<^&£) „ g|20ffirffi 
JBIIia-exz^^yK^-^-^y^-rs^V F^> y7°«#T«£ fcfcio 

f^> 7 y^comofc^tji^^n^o 

[0 1 2 0] 

•V -y T^ftW^M X^/T< LT^£ (# 7° A) „ F*> y 7°^M Ttti, 

(#-Y7°B) 

3-D«}g4W Fii«m'o{uiftc^A^n^f^nW^»K!^^F (12) 

t±, Uli 2tW«C7fs£tl. ?»S!WV FPrBOM^OfufttCtif 

CO 1 2 l] 

(^7°C) 

2o©»w f m 0-) % i|> o) \m icmxz n % amm^m-m * < f c^©^ 



§ 0 

[0 12 2] 
(^7°D) 

%(Dm± PBG ^X«Sti§o d Xti, 3 KIS<0 
K WSiilT* d Oti^tc^llfl^V K^J!iiU §at:ioT^i % »>T S d 

®mK®m x<omm^ K*#X*Sd t tc J; o >y 7°o 

^Xfi;irL<»-r^Ct^^§o PBG^XOSStcASfttfW; (A/ 
A = 2 . 4 T* 5 % i; TO d ©fit!iT#fflf KWM X££ 6 
CttaoTMSnf^o ^7°B ^M«3fiTfe^^ 5%©^|$t 

sn§ d ^Mwii^n/t d i:^^ Btc^n^nfearft 5*1^ 

CO 1 2 3] 

SOf) -eco^y F#> -y 7<Qtl*hMX£fPfrr« d tte^^him^WM 
[0 12 4] 

Ef^m^o nii«ig^^7°D^, ( i k^u^e- vmmmvim-zti 

®lfJA/Afitc^LTx7^-J'y^^-^-^^y7 p 1-^^>'F^>7 7 0 ti^ 



(5(3) 1^2 0 0 2-5 1 7 7 9 3 

tSi&ck 5 ClJRlftttn E fe, 4 oco F*> y 7°£Tco«M&«)± Csu 
ppression ) *M8iS#-r7BK*tLTJI6ftfc I77Y>MC 
£££&^nf~- oolfcvvsy F=£> 'y 7°&, ^7°B<0j; SlfSSgTN&Stf 5 %(0 

[0 12 5] 

46JC N COHM^I?nfc/-F (isolated node ) (7^M*T^W) & 
-T^b^i;Tm-^uO#mcD^MMfe (overall prio 

dicity) M^i^HzfefitESiSfr^T'fescfci:, m-tc ^FW 
— co t ©a c co#!ifico-vj7£tM lts 6 K? s wm\mmt mn\z>h^mm 

x*z%mi& < /- K^Si-rs tiiWc^fc^ F^fflfts eta 
77 j'vettLTm&mmitznrctvv mmzmmz, \m mm) # 

m^iimmH^ (high-index center ) <D'&B%%1t?S- KOftlftrtMK 

T*tiTt><fc<, ^tie>co^f-wefe§coT\ ^TW^f Ri^OttRKJSi; 



^-y FrttHftit^ FBE»£W«^ll7 7^T*i$S2 

CO 1 2 6] 

BUtC^CjK^^lfflLTH^fe (Broen g54^) TOptics Coramuni cat ions, V 
ol. 156(4-6), p. 240, November 1998£$B8) 0 M»j;lf'i3d^W 

^ifiiti, *V K0=fcJBttE1I#4»£3 7' P B G 7 7^/^^{0B1-^ fc46icfi 
[0 12 7] 

•^T^n7l^(D) r ^lli;JAa6^f ?>P BGP#7 7^/^lUe*hT&i*i 

[0 12 8] 

iBift^y Fiiiiwtu^w^, nil 5t^nr^s c^^*^s 



(i 4) vijzitmmHKtmzn, >ht^\mn>y f d 5) tf^nmm 
(is) mm (14) •t5£zf*/?mx$<<\ t (17) frt>Bf&zn&) <d/ 

omits &K&-<o&mi3&xf2'3<Dm#uv f&#< cuK^^xmmm^ 

8) WSU^»/fNlt^«. 
[0 12 9] 

mmmt^y k#> y^m^m-tMz>mtz^<Dx\ z^v fo« 
w^^y \ i immmv&z>>&mtf%:h\ c<om~c&* o^h (19) ©gy^ti 

JWtf, ^ y FM^+7>«^y F^> y 7%&£*V$*C £1$X*t%rc$>\z>& 

^ F4M:^-tt?7 0 U7^-A©»O«©^-^""^^>y F (overcl adding) 
[0 13 0] 

#77"fA<D*§3\ :Ot-^-^77hU f£nL (splice) s WT3 ( 
c 1 eave) Lt/iU!)«fe577Y^ ^Ilt § 5 tc 7 7 -Y / 5 £ 

llfi«if^, lotP77^itfl (fixture ) Lfr 



^7 7^;^.iii!|il^OM)Trft (localisation) £ fctfTtSitSvMI 

Mf7 7Y^ (polarisation preserving fiber ) CD±j| £ Ll^fc btl 

* ^Eriff^ § v^a Aft raw^M 7 r-cmm t 1 5 „ 

[0 13 1] 
[0 13 2] 

7°U7^— A/7ri'^om«i»miiii 7»c^n^o ft 

,'JHI f !'J (#JHWi)) «lt (2 0) liWffi^ "Wfb (smoother! ing ) " %5 

tv^^ "w-mtzntc" nrmm (2 n o^^tcfe^-ocomin sk* 

[0 13 3] 

^^nr^woBiifomftwitiiai 9K*sns 0 37 (22) ra<» 
«\ cod; o^armtnmm^y v t , «7 7-r^^®7t#tt»ii 

P7F (2 4) £0&7^^l7£©^lirg (23) WnW^y vmm:B 



(60) 0 0 2-5 1 7 7 9 3 

nx^Zo wit, mm/u y f*£*w« c ©ttitosjfifc & tf jc**^ 
7ii (25) oyjmomMcmiznx^&vy, mzo<oisfflr<Dttti><o¥ft<k 

(2 6) 00JliH2 lfcjj^ftT^So 
[0 l 3 4] 

M^^^^XO^ffl1f»}fl^n§SW^©»M^0 2 2 K^nXh^ 
0 'bZ^^fflm (2 7) fe<ttfn^ F (2 8) &&^-k%&%.Um (2 9) 

mzmmtix$>£^ mm, h^s. ie^, ffiFJ$)^vHS0:E©»« 

[0 13 5] 

ilMB^MfT LV^^XSi^jfJ^ § £ 5 £ 5^ fcftin&v vtf, III 2 3 
7c£0T\ LSI 2 3<D<fc-5K:&&ftfcJ£&Jg©0Cfc5 o Lfctt^X, *VF£/Vy 

[0 13 6] 

lt?JOTE^MA^F (3 0) ^#H»^ttot, i>WA4^ F 
«HF : J^ (3 1) tC^:S«*l#ifi^gijOM«ia2 4£jS£ttT^5„ 
i^lSAtfH'F (3 2) ^Wft^n/£MM5fic0^e>^t-5--^©«III2 



(61) 2002-517793 
rner-edge ) r£K«£S$M«T£OT, Hi 2 6 K^niZ§mm&&v! 
n£V&%a H2 5fcJ±^T, WMA^ H (3 3) £3 0° OftJtTcttlUKS 

[0 13 7] 

a^n77ri'^ (multi-core fiber) ttljtfifcS^SnTfc <fc^C fcfc&S 
(passive guidance) ttSiJtLT, CC(;:r»tifc^77 Fi 

u:,j;sfe5g*o7r-Y^ (34) . it m^n^>^x-Mm (35) . mm* 

tl/zlWJjQ^} (3 6), Rt/^^yfi^ (pump signal ) (3 8) &«TM 
IIS (3 7) «^§7 7^;«©»LTV^c ^yyf|-^^-» 
KWu £&12©7T^tC^A2n/i F-7"»^y7°T3 (pump) 0 
[01 38] 

111 2 8 ti. ■*3mfo&*h%>&Z<07 7'(rt (3 9) , IhJltiH (4 0) , R 

ti^y^ (42) %mtrr%>tffli&M (4 o *«ts.5, p-«*M%f|t 

I#t§7 7-f^l/~f0i^btt^ 0 7 7^b— tffi\ U— *f£iN (cavi 

ty) mmn?z>im%:)m?%m$. (43) &$6fcfl!*.TV3o 

8rU>ia&1£&*tf 5 P c F it, mm F-^y»fe§^tt77^/^- 

tamt^ cuv) mmm, &ziHxvm, & 

[0 13 9] 

mrnxmit. mz^y*-vznrcmmm-&mm®mm. (basis material s 

true ture) ot^l fdiTfc«^«IJfl $ nfc Gfc* ^ CiiV-Ui 5 ) 



(62) #^2 0 0 2- 5 17 7 9 3 

CIS l ] 
[02] 

[0 3] 

^7 7H©^^^MSi* (f = 4 5%) fccfcW— K?L<Di5#i£D 

m 4 ] 

M^i? W k i* 4 -f K ft« * lit £ 7 7 -Y / ^ ii t zritbicWAZntz 
[1115] 

c (omm%m w&mfx^&i* ^ y° u 7 * ic® o rdiB^snti ^ § 0 

[0 6] 

^7rY/«^§7°U7^-A©gi^i-iiL/?lo'10 4'©^ F^jilf^ 
[0 7] 



(63) fif«2 002-5177 9 3 

[118] 

) 

[0 9] 

Dili o] 

cm 1 1 ] 

A/ A ©||iSHl^M'LTx7^^y^W^^> F^> v 7W-f X^^li! 
LT.lH1M $ I [< . =1 f ,U LT»£ 0 4 4 5 %©S 

^^a^mmmk^tiftmmtE;.nmmm c^7°c\ in 3##ei 

[El 1 2] 

[in 3] 
[in 1 4 ] 



(64) (fa 2 0 0 2 -517 7 9 3 

[0 15] 

tctt^nrv^ 0 ^»37M3u 2 0©n>y F«t§ 

C tick 0 7U 7*-A«# J MA£tx5 0 

^07W)&^ 7M£J»t S /c 46 £ M £ ft £ Sr L ^ J;ot§l 

csi 7] 

i$Oll£lo€if<0 ^77 Kfci&^hfcff frftfc« £: A,Hr x Jff^n7M 

[IS11 8] 

[in 9] 



(65) 002-5 1 7793 

[0 2 0] 
[021] 

ifitt, #-^^^«^3TWj5jcbTV^ci:^^T. HI 2 0 i: f5 A> 
[02 2] 

[0 2 3] 
[0 2 4 ] 

So 

[0 2 5] 

«7 r^/^c^ w#§ <fc 5 * ^ Kfluaosuoffii© M^ffi 

[0 2 6 ] 

[0 2 7] 

MifffiSg^^f 0T&3 O 
[0 2 8] 

*2Mc£§ & § JI£ £0)^7 7 -Y/^M-r § ^M^ffl^-r 5 ft *607 7-Y 




Fig. 1 
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W82 002-517793 




Fig. 3 




Fig. 4 




Fig. 5 
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[0 8] 




Fig. 8 
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